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INTRODUCTION 
Infec t ious diseases have been an important fac to r in 
l i m i t i n g p ropaga t ion of f i s h l i f e . Often adverse 
envi ronmenta l c o n d i t i o n s l ead t o such s t r e s s f u l 
circumstances which lower immune response of f i sh making i t 
suscept ib le to pathogens l ike v i ru se s , b a c t e r i a , fungi and 
p a r a s i t e s (Anderson, et_ a l . , 1984; Snieszko, 1974). Some 
of the important infec t ious pathogenic d i seases of f i sh are 
furunculosis caused by Aeromonas salmonicida (Emmerich and 
Weibel, 1890), v ib r io disease caused by Vibrio ancruillarum 
(Anderson and Conroy, 1970), red f i n d i s e a s e caused by 
Aeromonas hydrophila (Nakai and Hoshina, 1935), columnaris 
d i s e a s e caused by F l e x i b a c t e r co lumnar i s (Davis , 1922), 
u lce r d isease caused by Haemophilus piscium (Snieszko and 
F r i d d l e , 1950), mycobac t e r i o s i s caused by Mycobacterium 
piscium (Ashburner, 1977), and norcardia d i sease caused by 
Norcard ia a s t e r o i d e s (Conroy, 1963) . Bes ides u l c e r a t i v e 
d i s e a s e syndrome (UDS), a f i s h e p i z o o t i c wi th epidemic 
manifestat ions (Llobrera and Gacutan, 1987; Boonyaratpalin, 
1989; McGarey et a i . , 1991) i s another condi t ion of wild and 
to a l e s se r extent of freshwater and brackishwater cu l tu re 
f i sh The t rue e t io logy of t h i s devas ta t ing d i sease i s s t i l l 
uncer ta in . 
One of the early signs of UDS is the abnormal swimming 
behaviour of fish near the surface. Whereas some protrude 
their head out of water and swim rapidly, other show an 
erratic slow swimming. Initially, all species of afflicted 
fish exhibits similar clinical signs such as appearance of 
raised areas of induration and erythema. Subsequently, skin 
erosions reach deeper in the underlying tissue and form 
ulcerative lesions. Large and deep ulcers commonly occur on 
all parts of the body eventually resulting in death of the 
fish. They may, however, be restricted to head and eyes 
leading to blindness. When the bases of pectoral or ventral 
fins are involved, the fins often are destroyed completely 
and dermal erosion is so severe that even internal organs 
are exposed. Infrequently, fish with minor infections 
demonstrate only petechial hemorrhages (Carbery and 
Strickland, 1968; Kinkelin and Le Turdu, 1971; Roberts, 
1972; Pal and Pradhan 1990; Jhingran and Das 1990) . 
Ulcerative disease came to notice in late nineteen 
century among adult salmonids of British waters 
At-, 
(Schaperclaus^^l991) . The first epizootic of it broke out in 
1964-65 in south-west Ireland and then it spread to Great 
Britain and other countries in Europe (FAO, 1968; Tonguthai, 
1985) . The geographical spill to the countries of south-east 
Asia was noticed in 1980 and thereafter continuous outbreaks 
of this disease have occurred in this region causing heavy 
mortality in brackish as well as fresh water fish species, 
particularly among the species belonging to genus Channa 
(Boonyaratpalin, 1989). So far, the most serious of all was 
an epidemic that occurred in southern Thailand in 1981 
(Boonyaratpalin et. ai., 1983b). 
In India, the disease in an epizootic form was reported 
in May 1988 from certain localities of eastern regions (Das 
and Das, 1993) . Within a year it spread to entire West 
Bengal (Saha et ai. , . , 1992). The spread to Orissa, Bihar, 
U. P. Sikkim, Manipur and Nagaland was reported in 1990 
(Mukherjee e^ al.,., 1991; Sinha, 1991; Mohanta and Patra, 
1992). Since then there have been frequent outbreaks of this 
contagious disease (Jhingran and Das, 1990; Mohanta and 
Patra 1992), in several states to an extent that infected 
fish are often found in a variety of water bodies such as 
rivers, canals, large, shallow, stagnant waters, paddy 
fields and ponds (Das, 1988). Continued investigations are 
therefore, imperative for a better insight into the mode of 
infections and host specificity of various etiological 
agents including their precise identification. So far, the 
most affected fish species have been: Anabas testudineus. 
(Mohanta and Patra, 1992) . Heteropneustes fossilis. Clarias 
batrachus (Pal and Pradhan, 1990), Labeo rohita (Ali and 
Tamuli, 1991) and some species of genus Puntius. Channa. 
Macroanathus and Mystus (Kar et ^ . , 1990; Das and Das, 
1993) . Out of them member of genus Channa are known to be 
relatively disease prone from other Asian countries also 
(Llobrera and Gacutan, 1987) . In general a review of the 
literature reveals that UDS has affected about 30 genera of 
fish in India with the percentage being relatively high 
within species of genus Channa and Puntius (Das and Das, 
1993) . 
Several bacterial pathogens have been isolated from 
external lesions, tissue, kidney and blood samples of 
diseased fish. Aeromonas hydrophila has been recovered most 
frequently from many cultured and wild fish species in India 
as well as in other south-east Asian countries 
(Boonyaratpalin, 1989; Costa and Wijeyaratne, 19 8 9; Pal and 
Pradhan, 1990; Subasinghe et ai., 1990; Liu et al., 1993; 
Pathiratne et. ai., 1994). However, there is ample evidence 
of the involvement of other pathogens also. For instance in 
some cases Edwardsiella tarda (Franc is-Floyd et. ^ . , 1993), 
Chemoautotrophic nocardioform (CAN) bacteria (Mukherjee et. 
al. , 1995), Aphanomyces (Chinabut et. al. . 1995), Mucor 
amphibiorum (Obendorf e.t ai., 1993), Myxosporida (Ram et 
al.. 1994), and rhabdoviruses (Lilley and Frerichs, 1994), 
have been implicated. In the past twenty years several 
representatives of Pseudomonas have been isolated from 
diseased fish (Schaperclaus, 1959; Meyer and collar, 1964; 
Kar ejL ai. , 1990) . The presence of pseudomonads in 
ulcerative lesions have also been reported by many 
investigators (Boonyaratpalin, 1989; Pal and Pradhan, 1990; 
Kar et ai., 1990; Toranzo et, al., 1993). In Channa 
punctatus even experimental ulcers have been induced by 
challenging with two fluorescent pseudomonads a coccus and 
an aeromond<el (Pradhan and Pal, 1990) . Similar experiments on 
tilapia fingerlings using A_^  hydrophila and Pseudomonas 
species as pathogen revealed that A^ hydrophila and 
Pseudomonas combinedly were more virulent to the fingerlings 
than A^ hydrophila or Pseudomonas Separately (Okpokwasili 
and Okpokwasili, 1994) . It is noteworthy that significant 
association exists between haemolysin production by 
Aeromonas or Pseudomonas species isolated from environmental 
sources and in-vitro enterotoxicity to some experimental 
animal and cell lines (Thelestam and Ljungh, 1981; Rahim et, 
al • • 1984; Stelman et, al. , 1986; Okpokwasili and 
Okpokwasili, 1994) . 
One of the problems encountered in overcoming UDS is 
the expression of multiple drug resistances by bacteria. 
Moreover, resistance to the same drug depends on different 
mechanisms in different strains, a situation that 
complicates treatment as well as recovery, because the 
ultimate aim of epizootic studies is to control and cure 
UDS. Therefore, the information on the multiplicity of the 
drug resistances of virulent strains is important. In fact, 
many drugs have been tried and found effective in relieving 
some of the symptoms in diseased fish (Moore et. aJ. , 1984) . 
However, long term use of antibiotics may result in acquiring 
resistance to a drug which was previously inexistant in a 
particular fish pathogen (Herman, 1970). Thus, biological 
spread of antibiotic resistances may assume serious 
dimensions following indiscriminate use of antibiotics. In 
addition, certain antibiotics are also known to cause 
depression of immune response (Anderson et ai. , 1984) . 
To determine the locations of drug resistance genes, P. 
aeruginosa has been screened for tranformability of suitable 
Escherichia coli strains by their extrachromosomal genetic 
elements which bear such genes most of the times (Padilla 
and Vasquez, 1993) . It has been shown that in certain cases 
resistance to oxytetracycline, kanamycin and ampicillin are 
transferable (Aoki et ai., 1987) . Presence of R plasmid in 
bacteria is an important factor, as these are capable of 
transforming other bacteria which may be virulent not only 
to fish but to human beings directly. One of such examples 
is the transformation of Vibrio anguillarum strains 
isolated from diseased fish (Aoki et al., 1974). 
Some workers have emphasized the importance of 
environmental stress in making fish disease prone (Snieszko, 
1974; Mazeaud e_t ai. , 1977; Sindermann, 1979). 
Environmental monitoring in the affected areas has shown 
that the disease was severe (15-70%) in water of low 
alkalinity (0-49 ppm) and hardness (0-45 ppm) . Heavy metal 
analysis do not record significant levels of metals as 
predisposing factor to fish. BHC, DDT, lindane and their 
metabolites have been detected in water and fish samples 
(Das and Das, 1993). Virgona (1992) compared the prevalence 
of disease with the factors of rainfall, river flow and 
water quality. Significant correlation was observed between 
the weekly rainfall and the prevalence of early stage 
lesions. Advanced stages of lesions were the consequence of 
rapid change in water quality when the parameters were 
salinity, temperature, dissolved oxygen, pH and t^bidity. 
Crowding, injury and exposure to sewage have provided 
additional experimental evidence that environment as well as 
bacteria may make the fish susceptible to disease 
(Raghuvendra gt ai•/ 1995). 
In the present study laboratory observations have been 
made on some aspects of UDS in Channa gachua which were 
caught from polluted waters near an organic chemical plant 
at Gajraula, Distt. Muradabad, U.P. So far as this disease 
is concerned, a review of available literature reveals that 
no information is available on this species. The 
investigations include: (i) following the progression of 
disease symptomatically under experimentally controlled 
conditions: (ii) isolation and identification of pathogens; 
(iii) monitoring the drug resistances; (iv) presence or 
absence of extrachromosomal genetic elements; (v) genetic 
location of the drug resistances. 
In view of the reports that multiple infections cause 
the death of fish by arresting branchial respiration (Ellis, 
1991) , C^ crachua was considered a suitable model for testing 
the hypothesis for prolonged periods. 
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MATERIALS AND METHODS 
Procurement of fish 
Ninety eight infected specimens of fish C_^  gachua (body 
wt. 0.15 to 0.2kg) were collected from some nearby ponds of 
Vam Organic Chemicals situated at Gajraula (U.P). About 30% 
of fish were in their early stage of infection characterized 
by erythema and white patches, while some of them were 
already having raised areas of induration and small lesions 
on the dorsal surface of body and caudal peduncle. The fish 
were brought to the laboratory in plastic bags under oxygen. 
Fish with a healthy appearance were also caught from one of 
the distant localities in the same region to serve as the 
control. 
Maintenance and chemotherapy: 
Ten fish each were kept in plastic tanks (60L) equipped 
with an aeration outfit and a 12 hourly change of water. 
Out of the experimental stock designated "sick" ten fish 
died within three days of being taken into the laboratory. 
Fish were fed on minced meat diet till the advanced symptoms 
of disease prevented it. Water was changed after two hours 
of feeding to avoid contamination and subsequent decay of 
minced meat debris. To monitor the therapeutic action of 
potassium permanganate, every morning three batches of 
diseased fish were given potassium peirmanganate bath (3 
tng/L) for ten minutes and then transferred to thoroughly 
cleaned fresh water tanks. Throughout the experiments water 
temperature was maintained at 13-15°C, and routinely checked 
for D.O and PH which were 5.2-5.6 mg/L and 7.4-7.6 
respectively. Constant observations were also made on 
pathological symptoms of affected fish. In particular, the 
skin of fish was routinely examined for signs of 
hemorrhages, abcesses, ulcers and swellings. 
Pathogenicity assay: 
Virulence test of isolated bacterial strains were 
conducted on healthy C.^. gachua (body wt. 0.1-0.15 kg) . Fish 
were maintained in fresh water at ambient temperature (13-
15°C) as four batches of five fish each. A pure culture of 
each strain to be tested was grown overnight in nutrient 
broth (Hi-media) at 35°C with aeration using environmental 
shaker (Lab-line, USA) . Cultures during logrithmic phase 
were harvested by centrifugation at 4000 rpm for 10 minutes. 
Supernatant was discarded and the pellet was suspended in 
physiological saline (0.9% Nacl). The turbidity at 550 nm 
was adjusted spectrophotometrically to obtain 10 cells/ml. 
Viable bacteria in original suspensions were estimated by 
the standard plate count method. Subcutaneous injection of 
0.2 ml suspension of individual bacterial strains (P. 
aeruginosa. P. putida or stuzeri) was given to the batch 
1,2 and 3 while the fish of fourth batch were inoculated 
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with mixed culture of the isolated strains. 
Upto 8 days, observations were made on the condition of 
fish for the appearance of already described symptoms of the 
disease. 
Isolation and identification of causative pathogens 
Standard aseptic sampling techniques (Schaperclaus et 
al.. 1991; Schroder, 1975) were used to obtain inocula from 
abcesses, ulcers, lesions, kidney, liver and sera of 
diseased fish and transferred to meat media and then grown 
in nutrient broth. Mixed strains were purified by streak 
plate method. The isolated strains were morphologically 
characterized by Gram staining, shape, spore formation and 
motility. Strains were grown at different temperatures (5°C, 
42°C, 50°C, 65°C) , at 2.5% NaCl and 7% NaCl, and at pH 5.7 
and 9. They were also subjected to following physiological 
and biochemical tests to biotype them upto species level. 
These tests included: growth on MacConkey agar, citrate 
utilization, starch hydrolysis, casein hydrolysis, indole 
test, methyl red test, Voges-Proskauer test, nitrate 
reduction, H2S production, catalase test, oxidase test, 
gelatin liquefaction, anaerobic growth and carbohydrates 
utilization. 
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Disc diffusion susceptibility testing 
The antibiotic susceptibility of each strain was 
determined on nutrient agar plates by placing commercially 
available paper discs (Bio-Rad, Gujarat) impregnated with 
specific antibiotic. After 24 hours of incubation at 35°C, 
the plates were examined for the presence of a zone of 
inhibition around each disc. The results were interpreted 
according to the standard tables provided by the suppliers 
along with these discs. The drug contents per disc were: 
tetracycline, 30 meg; erythromycin, 15 meg; cotrimoxazole, 
25 meg; kanamycin, 30 meg; streptomycin, 10 meg; gentamicin, 
lOmcg; chloramphenicol, 30 meg. 
Plasmid isolation emd purification 
The following stock solutions were used. 
(A) Glucose Buffer: 
Tris 25 mM (pH-8.0) 
Glucose 50 mM 
EDTA 10 mM 
(B) Alkali lysis solution (0.2M NaOH with 1% SDS) -. 
SDS (10%) 5.0 ml 
Water 44 ml 
NaOH(10 M) 1 ml 
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(C) Potassium acetate: 
Potassium acetate 
Glacial acetic acid 
Water 
(D) TE (Tris-EDTA) buffer: 
Tris (10 mM, pH-7.4) 
EDTA (0.1 mM, pH-8.0) 
Water 
29.4 g 
11.5 ml 
to make 100 ml 
0.5 ml of 2.0 M stock 
20 >il of 0.5 M stock 
99.3 ml 
Procedures: 
Plasmids were isolated and purified following mini-prep 
protocol of Birnboim & Dolly (1979) , 20 jil saturated culture 
of selected bacterial strain was centrifuged (at 2,000 g, at 
4*^ C for 10 min.) the pellete was suspended in 450 yl of 
glucose buffer. To this, 150 yxl of lysozyme solution (8 
mg/ml in glucose buffer) was added and incubated at room 
temperature for 5 minutes. The cells were mixed with 1.2 ml 
alkali lysis solution, placed on ice for 5 min. and mixed. 
Then 900 >il potassium acetate was added and the cells were 
centrifuged for 10 min at 12,000 g at 4°C. The supernatant 
was mixed with 1.5 ml isopropanol. After incubating 
overnight at -20°C, it was centrifuged for 15 min. at 12,000 
g and 4°C. The pellete was suspended in 400 )il of TE 
buffer. 
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Direct method 
10 ^1 mid log culture of positive colonies was 
centrifuged at 3,000 rpm and 4°C for 10 minutes. The 
supernatant was discarded and the pellete was suspended in 
0.2 M NaOH with 1% SDS and put to heating at 70°C in a water 
bath for 50 minutes. The lysate was as such loaded on to 
the pocket in 1% agarose gel. 
Electrophoresis 
Rxuining buffer TAE (4Ox) : 
Tris base (1.6 M) 193.6 g 
Na. Acetate 3H2O (0.8 M) 108.9 g 
EDTA-Na2-2H20 (40 mM) 15.2 g 
(pH to 7.2 with acetic acid) 
Water to make 1 litre 
Horizontal gel of 1% agarose was cast by melting 
agarose in Ix TAE. Bromophenol blue (BPB) was used as the 
tracking dye. Electrophoresis was carried out at constant 
current of 40-60 mA depending on the size of gel till BPB 
traveled l cm short of the end of the gel. Ethidium bromide 
was used to stain nucleic acid bands which were then 
photographed under UV transillumination (Fotodyne Inc. USA) . 
The patterns were documented on 100 ASA black and white 
films using UV filters. 
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Restriction digestion of plasmids: 
Plasmids of P_^  aeruginosa. P. putida and £^ stuzeri 
were cut by Hind III. A ratio of I U of enzyme to I ^ g of 
DNA was employed. Digestions were performed with the same 
samples in duplicate and the best resolution of them were 
photographed. Essay buffer (lOx) had the following 
composition. 
Tris HCl (pH 7.8) 10 mM 
NaCl 50 mM 
MgCl2 10 mM 
2 Mercaptoethanol 10 mM 
Other details of protocols were as recommended by the 
supplier (Bangalore Genei, India). After electrophoresis in 
1% agarose gel in TAE (Page no. 14: ) DNA bands were stained 
with Sybr Green (FMC, USA) and photographed under UV 
transillumination using orange filter. Lambda DNA digested 
both with EcoRI and Hind III was used as a marker. 
Transformation: 
Three strains isolated from the diseased fish were 
chosen as donors in the transformation experiment. 
Escherichia coli strain HBlOl, with streptomycin resistance 
as a marker was used as the host. A colony of HBlOl was 
inoculated in sterilized nutrient broth (Hi-media) 
supplemented with streptomycin (25 jag/ml). The cells were 
grown overnight at 3 7°C with constant shaking. 40 ml grown 
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culture of HBlOl was centrifuged at 3,000 rpm, for 5 minutes 
at room temperature. The pellet was suspended in 20 ml 
CaCl2 (50 mM) and incubated on ice for 30 minutes. This was 
followed by centrifugation at 3,000 rpm (4°C for 5 minutes) . 
The pellete was suspended in 4 ml ice cold 50 mM CaCl2 and 
was stored overnight at 4°C. In an eppendorf, O.l pg of 
purified plasmid of donor strain and 200 jal of competent 
cells were mixed by gently rotating the tube followed by 
incubation on ice for 30 minutes. To facilitate uptake of 
DNA cells were heat shocked at 42°C for 2 minutes and then 
grown in nutrient broth at 37°C for 45 minutes. Different 
amounts of cells (100 )il, 150;)al, 200;ul) were spread on 
nutrient agar antibiotic (kanamycin 50 ^g/ml) plates to 
harvest an optimal number of transformed colonies. As a 
negative control, untransformed cells were spread on another 
nutrient agar antibiotic plate under identical conditions 
including the selection pressure by the same drug. Plates 
were incubated at 37°C for 18 hours. The presence of 
plasmid in the transformants was checked by electrophoresis 
in 1% agarose gel using direct lysates. Transformants were 
also tested for drug resistances that were recorded for the 
donor strains. 
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storage of bacterial strains .-
(a) 2x freezing medium: 
K2HPO4 12.6 g 
Na'^-citrate 0.9 g 
MgSo^. IE2O 0.18 g 
(NH4)2S04 1.8 g 
KH2PO4 3.6 g 
Glycerol 88 g. 
(b) Stab agar: 
Agar 6 g 
Bactotrypton 10 g 
NaCl 8 g 
Cysteine-HCl 20 mg 
Distilled H2O to make 1 Litre. 
(c) Slant agar: 
Nutrient broth 13 g 
Agar 15 g 
Water to make I litre 
Donor as well as transformants were mixed with equal 
volume of 2x freezing medium and stored at - 2 0'-'C. For 
routine storage slants and stabs were maintained. 
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RESULTS 
Since the very onset of disease, Channa gachua showed 
the signs of discomfort during swimming and swam in an 
abnormal pattern near the surface of water. After 3 days of 
being taken to the laboratory, swollen white patches on the 
body surface turned into red and pale lesions having white 
borders. A Photographic record was maintained hereafter. 
Ventral surface showed hemorrhages and irregular arrangement 
of scales in affected regions (Fig. 1) . Lesions on caudal 
peduncle, dorsal surface, (Fig. 2, 3 and 4) specifically on 
the bases of fins, head and eyes gradually transformed into 
deep ulcers. As a result of distortions and swelling on both 
lips concomitant with the initial distortion in the oral 
region and buccal cavity, fish stopped feeding and anomalous 
swimming became more pronounced. This stage was reached 
within a week of the appearance of initial symptoms of the 
disease. However, the fish continued to gulp air indicating 
the functioning of accessory air breathing organ. 
Normal profile of snout was maintained in the beginning 
(Fig. 3) but afterwards due to necrosis distortion occurred 
in the eyes and head regions. (Fig. 5) . There was severe 
damage to head and eye lenses turned opaque making fish 
virtually blind. Sometimes eye ball floated as it was devoid 
of surrounding tissue and was connected at one end with 
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optic nerve only. As the disease prolonged fish became 
feeble due to lack of feeding and fungal growth appeared on 
ventral surface in-between the opercula. Subsequently, 
fungal infection spread to gills as well (Fig. 6). 
During the course of present investigations no 
mortality was recorded among the control; however, in 
diseased fish average mortality rate was high (30%) during 
first 20-25 days when the most serious symptoms of the 
disease characterized by distortion of head, eyes and buccal 
region prevailed. Some of the fish (15%) survived another 
20 days inspite of the continued starvation. By giving 
potassium permanganate bath attempts were made to contain 
the disease and to control parasitic infections. Among fish 
treated with potassium permanganate only moderate cleansing 
effect on ulcers was observed. These fish survived 2-3 days 
longer than untreated batches. Thus, therapeutic value of 
potassium permanganate within the concentration used here is 
doubtful. 
Investigations on bacteria associated with ulcers and 
sick fish showed the presence of three bacterial strains. 
All of them were Gram negative, non spore forming, motile 
rods showing positive growth on MacConkey agar and were 
found to be positive to indole, oxidase, catalase tests and 
glucose fermentation (Table - 1) 
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On the basis of above results the bacterial strains 
were identified as the member of genus Pseudomonas 
(Doudoroff and Palleroni, 1974). They were further 
identified up to species level on the basis of the following 
criteria: Strain 1 showed growth at 42°C and pH 9, was 
positive for methyl red test and mannitol fermentation. 
Strain 2 showed growth at 5^ C and pH 5.7, was positive to 
citrate utilization test, casein hydrolysis and xylose 
fermentation. Strain 3 showed growth at 42^C, 2.5% NaCl and 
pH values of 5.7 and 9. It showed positive result for methyl 
red test, nitrate reduction and fermentation of xylose, 
mannitol and maltose (Table - II) . As per these 
characteristics strain 1 is taken as Pseudomonas aeruginosa, 
strain 2 as P^ putida and strains 3 as P^ stuzeri (Buchanan 
and Gibbons, 1974) . 
Virulence of isolated strain was tested by 
subcutaneously injecting 0.2 ml of pure cultures of either 
individual strains or their mixture, isolated purified and 
identified as above, namely: P_^  aeruginosa. P. putida and P. 
Stuzeri. 
Subcutaneous inoculation of £^ aeruginosa induced 
moderate ulcers leading to the"formation of small lesions. 
While, either P^ stuzeri or P_^  putida alone produced 
erythema and skin distortions only. Mixed culture of these 
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-three strains however, induced lesions which transformed 
into deep ulcers resembling the original observations. 
Further necrosis of tissues affected the musculature within 
one week following injection. It is thus evident that 
Pseudomonas aeruginosa. P. putida and P. stuzeri are 
pathogenic to the fish Channa gachua. However, the advanced 
symptoms of UDS could not be reproduced among challenged 
individuals of C^ gachua. 
Drug resistance patterns of the three strains of 
Pseudomonas isolated during the present investigations are 
summarized in Table - III. Each of the strain was highly-
sensitive to gentamicin while sensitivity to chloramphenicol 
was comparatively less (Fig. 7, 9 and 11) . A difference 
among them in sensitivity to co-trimoxazole was also 
apparent as only £j. stuzeri was resistant to this drug (Fig. 
11) . Resistances to kanamycin, streptomycin, erythromycin 
and tetracycline were shared by all strains. Although both 
P. putida and p^ aeruginosa were sensitive to co-trimoxazole 
(Fig. 7 and 9), the zone of inhibition around the disc in P. 
putida was slightly larger than that of £j. aeruginosa. 
Plasmids of different electrophoretic mobilities i.e. 
sizes were observed upon electrophoressing whole lysates of 
different strains (Fig. 13) on agarose gels. Under the 
conditions employed (see Materials and Methods) the plasmids 
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exist as covalently closed relaxed circles justifying a 
comparison of their relative mobilities. Electrophoretic 
mobilities of plasmids in the transformants corresponding to 
each strain are in concordance with patterns obtained for 
the plasmids in corresponding original strain. 
To further facilitate the comparison, plasmids of all 
three, strains were digested with Hind III. As shown in 
Fig. 14, this RE linearized them into a mass of 20±300 kbp. 
Thus, all of them are the replicons of the same size. 
The results of transformation experiments using 
purified plasmids are listed in Table - IV. In general 
plasmids from each of the three strain were able to transfer 
most of the multiple drug resistances. Consistent 
transf orraability was recorded for kanamycin, eirythromycin 
and tetracycline resistances. As shown in Fig. 11 and 12 
recipients of P^ stuzeri plasmid did not exhibit resistance 
to CO-trimoxazole (Table - V) . Therefore, the gene 
responsible for co-trimoxazole resistance may have a 
chromosomal location, whereas rest of them are plasmid -
borne. 
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TABLE I : M o r p h o l o g i c a l , p h y s i o l o g i c a l and b i o c h e m i c a l 
c h a r a c t e r i s t i c s of t h r e e s p e c i e s of Pseudomonas 
i n v o l v e d i n t h e u l c e r a t i v e d i s e a s e o f Channa 
qachua. 
S.No T e s t s £ i p u t i d a P. s t u z e r i P. a e r u g i n o s a 
1 . G r a m ' s s t a i n i n g - -
2 . Form Rod Rod Rod 
3 . S p o r e s - -
4. Motility + + + 
5 . Growth at temperatures 
(a) 5°C + -
(b) 42°C - + + 
(c) 50°C - -
(d) 65°C - -
Growth on NaCI % 
(a) 2.5% 
(b) 7% 
Growth at pH 
(a) 5.7 
(b) 9 
8. Growth on MacConkey + 
agar 
9. Citrate utilization + 
10. Starch hydrolysis 
11. Casein hydrolysis + 
12. Urea hydrolysis 
13. Indole + 
14. Methyl Red (MR) 
15. Voges Proskauer (VP) -
16. Nitrate reduction 
17. H2S production 
18. Catalase + 
19. Oxidase + 
20. Gelatin liquefaction -
21. Anaerobic growth 
22. Utilization of carbohydrates 
(Acid production) 
(a) Glucose + 
(b) Xylose + 
(c) Mannitol 
(d) Sucrose 
(e) Maltose 
(f) Lactose 
(g) Adonitol 
Table - II: Differences among P. aeruginosa P. putida and P. 
stuzeri. 
S.No Tests P. put ida P. s t u z e r i P. aeruginosa 
1 • Growth a t t empe ra tu r e : 
(a) 5°C + 
(b) 42°C - + + 
2 . Growth of NaCl% 
(a) 2.5% - + 
3. Growth at gH 
(a) 5.7 + + 
(b) 9 - + + 
4. Citrate utilization + -
5. Casein hydrolysis + -
6. Methyl Red - + + 
7. Nitrate reduction - + 
8. Xylose fermentation + •• +• 
9. Mannitol fermentation - + + 
10. Maltose fermentation - + 
Table III: Drug susecptibility of bacterial strains isolated 
from diseased fish (C. ^ achua) 
Drugs tested P. aeruginosa P. putida P^ . stuzeri 
Kanamycin R R R 
Cotrimoxazole H.S H.S R 
Chloramphenicol L.S L.S L.S 
Erythromycin R R R 
Gentamicin H.S H.S H.S 
Tetracycline R R R 
Streptomycin R R R 
Note: R = Resistance, L.S = less sensitive, H.S = Highly sensitive 
S = Sensitive. 
TaJDle - IV: Drug Susceptibility of transfonnants 
Drugs tested P. aeruginosa P. putida P. stuzeri 
Kanamycin R R R 
Cotrimoxazole S H.S H.S 
Chloramphenicol S L.S L.S 
Erythromycin R R R 
Gentamicin H.S H.S H.S 
Tetracycline R R R 
Streptomycin R R R 
Key: R = Resistance, L.S = less sensitive, H.S = Highly sensitive 
S = Sensitive. 
Table - V: 
Druas tested 
Kanamycin 
Cotrimoxazole 
Chloramphenicol 
Erythromycin 
Gentamicin 
Tetracycline 
Streptomycin 
Comparison of 
tremsf ormants: 
Druq 
P. aeruainosa 
D 
R 
H.S 
L.S 
R 
H.S 
R 
R 
T 
R 
S 
S 
R 
U.gi 
R 
R 
Susceotibilitv 
P. Dutida 
D 
R 
H.S 
L.S 
R 
H.S 
R 
R 
T 
R 
H.S 
S 
R 
K.S 
R 
R 
of donor an 
P. stuzeri 
D T 
R R 
R H.S 
L.S L.S 
R R 
H.S 'H.S 
R R 
R R 
Note D = Donor, T = transformants 
Fig. 1 : Photograph of ventral surface of UDS infected 
C. qachua showing hemorrhages and irregular 
arrangement of scales in the mid ventral region 
and bases of pectoral fins. 
Fig.2 : Photograph of UDS infected C. gachua showing 
initial stage of lesion at the base of caudal 
fin. 
Fig . 1 
P i g . 2 
Fig.3 : Photograph of UDS infected C. qachua from the 
dorsal side showing normal profile of head and 
snout. An advanced lesion is shown exposing 
muscle in the middle region of the dorsal fin. 
Fig.4 : Further magnification of the lesion shown in 
Fig.3. 
F i g . 3 
F i g . 4 
Photograph of UDS infected C. gachua showing 
deep kilcer on the head and snout. One of the 
damaged eyes which has become virtually opaque 
is also visible. 
Fig.6 : Photograph of UDS infected C. gachua showing 
distortion of mouth and the region around it. 
Secondary fungal infection covering gills is 
visible as a fibrous appearance on opercles. 
[pig . 5 
. . 1 1 — • n 
F i g . 64 
Pig. 7 : Photograph of nutrient agar plate swabbed 
with P. aeruginosa. Clear zones around the 
antibiotic discs show different degrees of 
the inhibition of bacterial growth. Growth 
around the discs show resistance to that 
drug. 
(a) co-trimoxazole (b) kanamycin 
(c) chloramphenicol (d) tetracycline 
-•• '• , ''• •:./,S 
Fig. 8 : Photograph of nutrient agar plate swabbed 
with P. aeruginose transformants. Other 
explanation remain the same as in Fiy.7. 
I 
$ 
F i g . 7 
Pi:g."8 
i^g.9 : Photograph of nutrient agar plate swabbed with 
P. putida. Other explanations remain the same as 
in Fig.7. 
•'ii>V:=m. 
Fig.10 : Photograph of nutrient agar plate swabbed with 
P. putida transformants. Other explanations 
remain the same as in Fig.7. 
'd \ 
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Pig . 9 
Fig . 10 
Fig.11 : Photograph of nutrient agar plate swabbed with 
P. stuzeri. Other explanations remain the same 
as in Fig.7. 
Fig.12 : Photograph of nutrient agar plate swabbed with 
P. stuzeri transformants. Other explanations 
remain the same as in Fig.7. 
l F i g ^ _ ^ 
F i g . 12 
Fig. 13 : Electrophoretic pattern of whole alkali lysates 
of different strains of pseudomonads isolated 
from UDS affected C. gachua. The flcurescence 
in the pocket is apparently the genomic DNA 
which did not enter the gel. Flourescent bands 
next to them are plasmids. The order of the 
lanes is: (1) P. aeruginosa; (2) P. putida and 
(3) P. stuzeri respectively whereas Lanes 4-6 
are their transformants in the same order. 
* • • 
^ 5 4 3 2 1 
F i g . 13 
Fig. 14 : Electrophoretic patterns of Hind III digested 
plasmids of (1) P. stuzeri; (2) P. putida and 
(3) P. aeruginosa. Lane 5 shows lambda DNA 
digested with both Hind III and EcoRI. 
5 4 3 2 1 
F i g . 14 
DISCUSSION 
Published account suggests that in all species of 
afflicted fish the first clinical sign of UDS is the 
appearance of hemorrhagic spots on skin. Subsequent skin 
erosions, apparently, result in the formation of ulcerative 
lesions, particularly on head,eyes, dorsal surface and in 
the caudal region (Boonyaratpalin 1983b; Coates et al. . 
1984; Llobrera and Gacutan, 1987; Pal and Pradhan 1990; 
Mohanta and Patra,1992). Among scaly fish, some important 
clinical signs of the progression of disease are gill 
hyperplasia, mucous secretion, frayed fins, prominent 
vascularization accompanied by minute ulcers in the affected 
regions of fins and abnormal swimming behaviours (Mohanta 
and Patra, 1992) . 
C. gachua belongs to the group of scaly fish generally 
known as snakeheads. Observations made during the present 
investigations on it are in line with the previous published 
account of UDS on snakeheads (Boonyaratpalin, 1989) . There 
were conspicuous raised areas showing induration and typical 
white patches concordant with the known behaviour of 
abnormal swimming. As the disease intensified, the erosions 
on head affecting even maxilla and mandible were remarkably 
severe. Gradual transformation of abcesses into ulcers was 
consistently observed. Thus, the agreement between the 
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symptoms recorded for Q^ gachua and those reported 
previously (coates et ai-, 1984; Boonyaratpalin, 1989; Pal 
and Pradhan, 1990; Mohanta and Patra, 1992) leaves no doubt 
about the diagnosis of disease. 
In comparison with most of the other fish species one 
of the features of snakeheads is their greater 
susceptibility to UDS (Mohan and Shankar,1994). Some species 
belonging to genus Puntius are probably the only other group 
with the susceptibility of similar magnitude (Das and Das, 
1993) . This pronounced susecptibility is independent of water 
bodies and has been observed throughout India e.g. in Assam, 
Bihar, Bengal, Karnataka, U.P, Sikkim, Manipur. (Kar et al. , 
1990, Mukherjee et al. , 1991; Sinha, 1991, Saha et al., 
1992; Mohanta and Patra, 1992; Mohan and Shankar, 1994) 
So far as we Know, £^ gachua exposed to UDS has not been 
investigated at all. But, the results indicate that as far 
as susceptibility is concerned it is no exception to what 
has already been reported for other channids. There may 
exist some differences in the survival time, however. 
Apparently, in comparison with other fish Q_^ gachua bears 
the infection for longer durations (Pal and Pradhan, 1990) . 
The reason for the exceptional endurance is not clearly 
understood. Difference in the type of airbreathing organ or 
its efficiency may at least partially account for the 
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observed variations. The suggestion is significant in view 
of the fact that death during UDS infection occurs because 
of the release of extracell^iar products (ECP) by the 
bacteria having haemolytic activity (Karlsson, 1962; 
Okpokwasili and Okpokwasili, 1994). These ECP degranulate 
eosinophilic granular cells of the gills resulting in the 
diminished blood flow through the gills that ultimately 
cause death of fish (Ellis, 1991) . If the suggestion holds, 
then C^ qachua is a good model to investigate long term 
effects of this disease. 
Inspite of extensive efforts made to correlate UDS with 
a variety of pathogens, there is no consensus on a primary 
etiological agent. Following groups of pathogen have been 
frequently isolated from UDS afflicted fish species: (i) 
viruses (ii) fungi and (iii) bacteria. Among viruses, 
rhabdoviruses have shown consistent association with the 
disease (Frerichs ^t, a^. , 1986; Ahne ^t. ai. , 1988; 
Kasornchandra et^ aX-, 1992). Association of fungus 
belonging to Aphanomyces group with UDS has also been 
reported by several workers (Roberts et al. , 1992; Mohan 
and Shankar, 1994; Chinabut et al. , 1995). A large body of 
literature comprising direct evidence of pathogenicity 
exists about the involvement of bacteria in UDS that has 
recurringly affected fish fauna over a wide geographical 
range (Boonyaratpalin, 1989; Pal and Pradhan, 1990; McGarey, 
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et al • , 1991) . Most prominent among them is Agrprnpn^g 
hydrophila which has an established record of recurringly 
affecting fish life in temperate waters (Lewis and Plumb, 
1979; Lallier et al., 1981; Llobrera and Gacutan, 1987, Pal 
and Pradhan, 1990). However, in several instances it was 
altogether absent and quite unrelated strains of bacterial 
species were isolated from a variety of afflicted hosts 
(Austin and Austin, 1993; Toranzo et ^ . , 1994 Mukherjee et 
al • , 19 95) . In previous report, Aeromonas punctata was 
presumed as the etiological agent of infectious dropsy 
whereas the primary infections were attributed to 
Pseudomonas fluorescens (Schaperclaus, 1965) . 
Combined opportunistic role of Pseudomonas and 
Aeromonas in causing septicemia and abcesses has also been 
emphasized by some workers (von Graevenitz, 1977; 
Sonnenwirth; 1980 a, b; Lallier et al., 1981). In the 
present case also, pseudomonads have been shown to have an 
association with UDS. A total of three species were 
recovered from sera, tissue smears and ulcer svjabs; namely. 
P. aeruginosa, P. putida and P.^. stuzeri. So far as we know, 
involvement of £^ putida and Q_^ stuzeri is being reported 
for the first time. 
Infectivity experiments on channids by other workers 
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have shown that rhabdoviruses alone when in jec ted i n to 
h e a l t h y Channa s t r i a t u s do not r ep roduce c h a r a c t e r i s t i c 
l e s ions ind ica t ive of UDS (Frer ichs £ t a i - , 1993), whereas 
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mixed culture of Aeromonas hydrophila. two fluorescent 
pseudomonads and Micrococcus varians induced severe ulcers 
in Channa punctatus (Pal and Pradhan, 1990) . In the present 
study, pure cultures of individual strain induced only 
moderate and superficial ulcers but the mixed culture 
produced deep ulcers. However, the advance symptoms of UDS 
could not be reproduced on challenged C.^. gachua. Therefore, 
it seems unlikely that primary infection by Pseudomonas 
alone is the cause of UDS in C^ gachua. 
Apparently, UDS is a multiple infection in which 
several pathogens may be involved. So far as we know, there 
have been no attempts to combindly challenge fish with 
viruses and bacteria both. A still difficult task is to 
precisely control water quality and related environmental 
factors, as the facultative opportunistic pathogens like 
Aeromonas. and Pseudomonas may infect when host resistances 
have been lowered by environmental factors such as high 
organic load, overcrowding and sublethal oxygen levels 
(Snieszko 1974; Mazeaud et al., 1977). Fish used in the 
present study were definitely under environmental stress, 
bacause even isolated water ditches in the area of their 
capture receives highly polluted industrial waste from Vam 
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Organic Chemicals during rainy season. The water stays 
visibly polluted thereafter. The limited analysis that we 
made shows it to be high in turbidity, depleted oxygen 
contents and alkaline pH. Thus the association between 
environmental stress and ulcerative disease in C^ gachua 
being suggested here may not be purely circumstantial. 
Adverse effects of the decline in environment are quite 
visible on flora of Gajraula locality. Obviously, a more 
detailed chemical analysis and challenge to fish with mixed 
viruses and bacterial pathogens in the same ambient will be 
required to establish a clear correlationship between the 
pathogens, environmental factors and UDS. 
Since bacteria carry a variety of resistances, 
specifically to certain drugs, it becomes imperative to 
monitor the number and types of drug and other resistances 
carried by them. Therefore,pseudomonads associated with UDS 
in C^ gachua. which may also exist as direct contaminants of 
the environment, were subjected to screening for drug 
resistances. In all, seven drugs were chosen on the basis 
of their frequent use to combat bacterial infections. 
(Katae,1982;Suga,1982 ; Toranzo et, ai., 1994). It is 
noteworthy that all three strains of Pseudomonas exhibited 
multiple drug resistances. They appeared resistant to 
kanamycin, erythromycin, tetracycline and streptomycin. 
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Multiple drug resistances demonstrated by the bacteria 
may be adaptive. The factors which commonly contribute to 
this acquisition are : (1) previous use of these drugs in 
the pond or in their source animal (Bjorklund et. al. , 1990) , 
(ii) transfer of resistances from other bacteria carrying 
extrachromosomal genetic elements or R plasmids which may 
be present in the environment (Yndestad, 1992) . Since no 
drug treatment was given in the pond, where C^ gachua used 
during the present study were captured from, the first 
possibility is ruled out. Therefore, either the pseudomonads 
were already carrying drug resistance (R plasmids) or 
received from other carrier strains. Drug resistances of 
pathogenic strains of pseudomonas have been monitored in a 
number of cases previously. For instance, £^ aeruginosa 
isolated from fresh as well as sea water exhibited 
sensitivity to carbencillin, amikacin, tobramycin and 
colistin (de-Vicente et. ai., 1990). Similarly, sensitivity 
to oxolinic acid, flumequine, novobiocin, furazolidone, 
chloramphenicol, arapicillin and neomycin was recorded in 
pseudomonads isolated from a fish farm (Sandaa Qt_ al. . 
1992) . 
Mutual or one way transformability of bacterial strains 
is a characteristic of serious dimensions. For instance, 
pseudomonads being common inhabitants of soil and water (von 
Graevenitz, 1977; Sonnenwirth, 1980 a, b; Lallier 
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et al.. 1981) may transform bacteria such as Azotobacter sp., 
which may themselves be the most common inhabitant of soil 
around the ponds (Stotzky et ai., 1991; Trevors and Oddie, 
1986) . As far as this species and the more commonly 
occurring E^ coli is concerned, transformability with 
pseudomonads is mutual (Davis, 1980a). The later bacterium 
opens up the possibilities of a large scale transformation 
of highest possible number of bacterial species (Steward and 
Koditschek, 1980) . Besides, bacteria such as Vibrio cholera 
and Salmonella typhimurium which are quite virulent to man 
directly are also transformed by P_^  aeruginosa (Davis, 
1980a) . Thus the existence of multiple drug resistant 
plasmids within pseudomonads may be of direct consequence to 
human beings. 
In fact, transformation experiments on E^ coli which 
were carried out during current investigations revealed that 
all of the observed drug resistances but one carried by 
donor strains are transferable. TO be specific, resistances 
to Kanamycin, erythromycin and tetracycline were plasmid 
born. Only co-trimoxazole resistance gene in P^ stuzeri 
appears to have a chromosomal location. Resistance to drugs 
such as kanamycin, oxytetracycline and ampicillin are in 
general transferble as reported by Aoki e^ al. . (1987) . 
Chromosomal drug resistances, though at a lesser frequency. 
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have been reported for oxolinic acid and nalidixic acid 
(Sandaa et al., 1992). 
While dealing with multiple drug resistances, one is 
faced with a complex situation which is evident from the 
variety of the mechanisms of the plasmid mediated 
resistances. Some most common ones are: (i) 0-acetylation 
for chloramphenicol resistance, (ii) modification of 
ribosomal RNA for erythromycin resistance, (iii) 
modification of membrane permeability for tetracycline 
resistance and (iv) enzyme production which destroy drugs 
such as penicillin, cephalosporine and chloramphenicol 
(Padilla and Vasquez, 1993; Chen and Kou, 1990; Lunestad and 
Goksoyr, 1990). The chromosomal mechanism primarily centers 
the cells ability to modify ribosomal structure making the 
drug unfit to attach with (Davis et ai., 1980b; Tortora et, 
al., 1992). 
Since all the strains showed similar drug resistance 
pattern and out of them only co-trimoxazole appears to have 
a chromosomal location it is likely that either the same 
plasmid is harbored by all the three strains or a frequent 
mutual transformation followed by recombination on similar 
patterns has taken place. 
The ultimate aim of epizootic studies is to control and 
cure UDS, the information on the multiplicity of the drug 
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resistances of virulent strain is therefore of vital 
importance in prescribing the treatment. In fact, many-
drugs have been tried and found effective in relieving some 
of the symptoms in diseased fish (Moore et ai., 1984) . For 
curing A^ hydrophila infection in tilapia fingerlings 
nalidixic acid, streptomycin and chloramphenicol have been 
found most effective (Okpokwasili and Okpokwasili, 1994) . 
So far as we know, there are no reports of attempting 
treatment of infections by Pseudomonas. The three strains 
of Pseudomonas isolated as probable secondary pathogens in 
the present case were highly sensitive to gentamicin. If 
drug sensitivity is taken into account, then gentamicin may 
prove as an effective chemotherapeutic against infection by 
them. However, indiscriminate administration of the drug 
directly into water bodies may increase the population of 
antibiotic resistant bacteria (Baya et. al. , 1986) . It is 
known that in nature, parameters like pH, bacterial density, 
nutrient availability affects gene transfer (Stotzky ^ ai. , 
1991) . In addition, certain chemotherapeutics are known to 
cause suppression of immune response (Anderson et. ai.,1984) . 
Beside harboring R plasmids, pseudomonads are known to 
bear resistances against heavy metals like nickel (Schuett, 
1989), chromate (Bopp and Ehrlich, 1988; Bale et, al. , 1988) 
manganese (schuett et ai., 1986), zinc and arsenate ion 
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(Jeanthon et^ ai., 1991) . Although chemical analysis of 
effluent of Vam Organic chemicals has not been taken into 
account in the present study, it seems likely that these 
resistances may sustain pathogens in water bodies having 
high chemical contents. It has been observed that the 
population of plasmid bearing pseudomonads is significantly 
high in the polluted water in comparison with the unpolluted 
ones (Burton et al., 1982) . 
From the above discussion it is concluded that a 
combination of pathogens and environmental factors are 
responsible for the observed susceptibility of c^ gachua to 
ulcerative disease infection. Unlike other fish where 
Aeromonas sp. may have prominent role, Pseudomonads are 
somehow, associated with it in this fish. Multiple drug 
resistances Characteristic of pseudomonads isolated in the 
present case pose an increased risk of biological spread of 
them by transforming other bacteria, beside influencing 
prognosis in containment efforts. 
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